Abstract-In recent years and in the current industrial and societal scenario, technologies have been increasingly playing a key role in enabling new product and service offerings. Cyberphysical systems, Additive Manufacturing, Augmented Reality and Cloud Computing are some of the innovative solutions that will shape -or rather are already shaping -new business models and value propositions. Due to that, the industrial application of such technologies is currently under the lens of researchers, practitioners and policymakers. This paper addresses the employment of cutting-edge technologies for Product-Service Systems (PSS) through the definition of a comprehensive classification framework embracing both business and technology-related dimensions taken from literature. Cases from secondary data help draw guidelines from practitioners willing to implement tech-based PSS.
INTRODUCTION
Technology and technological development have long been recognised as crucial components of business competitiveness [1] . This holds specifically for manufacturing industries, where product and process performances are tightly linked to technological improvements that may ultimately impact on cost-effectiveness, timeliness and customisation capacity. In recent years, the interest towards cutting-edge industrial technology has increased at a faster pace than ever, even catalysing societal and political concerns. The manufacturing world is indeed witnessing the establishment of many strategic programs worldwide, aimed at fostering the industrial growth through the exploitation of innovative technologies. Some noteworthy examples are German 'Industrie4.0', English 'Catapult', French 'Industrie du Futur' and Italian 'Fabbrica Intelligente' [2] . One of the recurring precepts of the abovementioned initiatives is that industry must shift from a strictly product-centred to a more comprehensive solution-centred view, entangling both products and services and thus aiming at what is often referred to as 'Product-Service System' (PSS). PSS are defined as a marketable set of products and services that are capable of jointly fulfilling customers' needs in an economical and sustainable manner [3] . As above mentioned, nowadays this shift cannot be analysed without considering the role of technological innovation in product, process and service [4] . New technology and in particular the digitalization with services change the traditional paradigms charactering services such as perishability and inseparability [5] . Furthermore, the introduction of technology in the product and service offering while opening new business opportunities and creating new forms of customer integration, demands new capabilities and competences [6] . In this sense, literature proposes new methods and tools for the collection, analysis and usage of the information to support the PSS lifecycle management [7] [8] .
While literature has extensively focused on the definition and categorisation of industrial PSS, no contribution has yet linked PSS types to the underlying technologies enabling them. Still, a noteworthy contribution from [9] helps understand how the integration between product and service is steered and fostered by technological development -where technology acts as an enabler, a mediator or a facilitator. A comprehensive framework bringing together the emerging trends of PSS and technology in one conceptual structure is missed.
This paper addresses such gap with the provision of classification framework for technology-based industrial PSS. In this sense, the purpose of the paper is to provide insights on technology-based PSS while also framing noteworthy cases according to some predetermined drivers, both related to the provision and utilisation of the solution itself. In order to do so, four qualitative dimensions are considered and further widely discussed. A fifth dimension is also taken into account to frame the orientation of PSS. Manufacturers cannot afford to ignore these emerging forces, which have the power to completely reshape the industrial landscape. The resulting framework is then filled in with real cases from literature, embracing the implementation (or the theoretical conception) of a tech-based PSS. The real-case selection is based on both the underlying technology employed and the provision type.
In order to properly place the cases into the multidimensional framework, a focus group among the authors is carried out. Basically, the focus group is asked to classify each case into a qualitative spectrum (ranging from Low to High) for every designated driver. Once the framework is filled-in, clusters are identified among the cases and theoretical consistency is checked.
First, the theoretical foundations are discussed, entangling PSS and technology management literature. Then the drivers are described, whilst defining the types of solution and the pool of pertaining technologies. The real cases are then introduced, contextualised and plotted accordingly. The resulting framework is useful to support manufacturers in dealing with these emerging forces, which are reshaping the industrial landscape, by providing a deeper understanding of the drivers effecting tech-based PSS offering.
II. THEORETICAL FOUNDATION

A. PSS Types and Dimensions
While different PSS classifications coexist in literature, some of them best fit with the scope of this paper. The PSS may then be viewed from the following three perspectives [3] :
• Product-Oriented (POR): the consumer buys the product and uses related services along the product life cycle that the company offers and that add value to the product.
• Use-Oriented (UOR) the use of the product is the main transactional element together with the services that add value to it; the product remains the property of the company offering its use. Commonly cited cases are the sharing and leasing.
• Result-Oriented (ROR): the result of a product and service delivery is sold to the consumer. The examples are related with the selling a result or capability instead of a product, e.g. selling parts instead of the facility for manufacturing them [10] [11].
This classification is considered by many authors [12] [13] as the most appropriate to represent in a synthetic and comprehensive way the main PSS characteristics [14] .
Shifting from POR to ROR increases the solution intangibility -meaning that the customer satisfaction is dependent on the achievement of a set performance level. TABLE I, adapted from Gaiardelli et al. [15] , provides a more punctual list of industrial PSSs clustered by orientation type. [16] . Product-oriented solutions generally include standardized goods and supporting services, which require a low level of collaboration and interconnection between the supplier and its customer. At the other extreme with resultsoriented, companies have to build strong relationship with their customers, and since in many cases the supplier takes full responsibility of a customer process therefore, the completeness of an offering must be at a high level and comprehensive of product and service features.
Dynamism for Pekkarinen and Salminen (2013) [16] is composed by three elements: relational, financial, and performance.
• Relational: supplier/customer collaboration identified with the level of intimacy between the actors, from pure transactional deals to relational collaborative partnerships (co-creation of value).
• Financial: mainly refer to provider risk and benefit (from pure monetary transactional based to benefit and risk sharing)
• Performance: represents the combination of product and service elements which contribute to the achievement of the performances. This driver is similar to the Tukker's [3] classification.
B. Pertaining Technologies
Literature is quite rich in punctual definition and classification of technology and industrial technology in particular. As pointed out by [17] 'technology' is a sociotechnical spectrum ranging from physical to cultural distinctive (and context-specific) elements. Concerning the scope, it is sufficient to consider 'technology' as a technical mean to achieve a practical end.
In order to overcome theoretical slip-ups or difficulties in framing the solutions, the authors decided to adopt a more general perspective in selecting the technologies. It is not in the purpose of this paper to review extensively all the technologies that PSS provision and consumption may encompass. However, the selection of technologies hereby presented, without demanding completeness, refers to the technologies mostly adopted in the PSS offering:
• Augmented reality (AR) is defined by [18] as "systems that have the following characteristics: 1) combines real and virtual, 2) interactive in real time, 3) registered in 3-D".
• Additive Manufacturing (AM) is a process that allows to create 3D objects, usually adding a layer of material to another. Three steps are part of the common use of the AM technology: (i) creation of a 3D model, then converted into a standard AM file format, (ii) the AM file is managed by the AM machine, (iii) the model is created with the machine [19] .
• Cyber-physical systems (CPS) consists in the integration of computational capacities and physical processes. CPSs are characterized by the mutual influence that the two components have on each other's behaviour [20] .
• Cloud Computing (CC) is defined by the US National Institute of Standards and Technology (NIST) as "a model ubiquitous, convenient, on-demand network access to a shared pool of configurable computing resources". Five principal characteristics are mentioned: (i) on-demand self-service, (ii) broad network access, (iii) resource pooling, (iv) rapid elasticity, (v) measured service [21] .
The above-mentioned technological solutions are the pillars in a B2B context of what is often referred to as 'fourth industrial revolution' and they all share a digital-based trait. In order to purposefully implement them, one should take into account their ability to be integrated with the production/provision environment, and thus, make autonomous decisions in compliance with the presiding user. Such aspect is further described afterwards.
III. TECHNOLOGY BASED PSS CLASSIFICATION FRAMEWORK
Based on the analysis of the literature and in particular considering the work proposed by [3] and [16] , a framework for a technology-based PSS classification in the B2B context, depicted in Fig. 1 , is proposed.
Four special characteristics have been identified as fundamental for B2B technology based PSS. The four characteristics has been chosen in order to consider the interconnection of customer and provider perspectives and business and technological issues.
• Provider risk and profits (provider and business)
• Customer intimacy (customer and business)
• User awareness (customer and technological)
• Technology awareness (provider and technological) 
A. Business-related Drivers 1) Provider Risk and Profits
The profitability of a PSS model is evaluated in terms of fixed and operational costs [22] , however not all the PSS types have the same structure of costs. In fact, when ranging from POR to ROR the solution provider progressively shifts from variable costs to fixed costs [23] . Such consideration is compliant with the very nature of PSS orientation: profitability of a PSS strongly depends on capacity utilization. Once a supplier company has set up a service organization to provide a result-oriented solution, all the resources become a fixed cost and the main generator of profitability is capacity utilization [24] . Managing the demand and supply becomes a key capability, as a matter of fact, the more the solution is meant to reach a performance threshold (ROR), the higher are the fixed costs, the higher turns out to be the provider risk. In resultoriented business, when the supplier is providing a complete solution to the customers and they are paying only the archived results and an agreed performance level is missed, provider bears the full liability and customers are thereby taking no risk at all. Designing POR PSS can significantly shift the risk from the provider to the customer because typically the solution, since it is a combination of standard product and service, presents variable (rather than fixed) costs. Manufacturer are only willing to take the risk of increasing their fixed costs and leaving their traditional paths (generally closed to POR) if they expect a significant profit from doing so [25] . The trade-off between risk sharing and profitability is one of the main drivers driving the provider choices in designing PSS.
2) Customer Intimacy
To offer valuable PSS it is fundamental to deliver value in use, which focus in establishing long term customer relationship [26] [27] . Arguably, what really distinguishes different kinds of PSS is the customer intimacy. As previously mentioned, the provision of PSS typically requires some degree of relation between the consumer and the provider. This is mainly linked to the degree of service feature in the PSS, in fact it is well known that provision of services requires a change in the business model from being simply transaction-based to relationship-based [24] .
Shifting from POR to ROR, the customer intimacy increases: changing from transactional as the product is initially sold, to relationship as the product is supported in use [10] . The main reason supporting this claim is that, in order to provide a proper performance-based engagement (ROR), provider needs to be highly acquainted with the customer specifications and involved along its process.
B. Awareness-related Drivers 1) Technological Awareness
Many scholars have analysed how new technologies can be properly adopted to be incorporated in product, processes and services as a positive means to improve and differentiate the PSS offering [28] .
Engineering of PSS is highly influenced by rapid technological changes, the introduction in the PSS offering of sophisticated technologies must be properly studied in order to align it with the organisation's business model and customer needs and attitude. In this sense, a deep understanding of the technology awareness in order to understand the provider capabilities is required and the degree of customer awareness while using such solution is also needed.
The technology awareness aims at understanding how the provided technology based PSS can autonomously work and take decision in order to reach the tasks without asking operations to the customer and/or user. This characteristic is obviously connected with the levels of intelligence of the technology and to its ability to perform task autonomously [29] .
The technology awareness degree is evaluated considering the completeness of the provided solution measured as the number of task the technology is asked to perform without involving the user. Three main tasks have been identified [30] :
• collect and display data
• provide information
• make decision In our understanding, the degree of awareness should increase from the POR to ROR due to the degree of completeness. In ROR the provider needs to be supported by technologies able to collect data, provide information and take decisions on behalf of the customer/user. The delivery of complete technology based solutions are fundamental to support the delivery and monitoring of ROR since they have to perform both day-by-day operations and control and monitoring of the solution. While in POR most of the decisions are still let to the customer/user, even if some providers delivery consultancy service in addition to facilitate and support the decision-making process of the customer.
2) User Awareness
On the other hand, it is relevant also to understand how much the user must be aware of the technology he/she is using, in other words how many task he/she has to perform. This impact on the skills and the capabilities of the user.
Arguably, considering the kind of offer, proficient industrial technologies encompass also easiness of use. For instance, recent Human-Machine Interfaces (HMI) have been developed in order to be effective and user-friendly to some extent. When the solution provider offers a technological improvement, it is important to understand if the customer and/or user degree of acquaintance needed to properly achieve the objective of using a specific solution. The user awareness must increase if he/she not only achieving the results but if he/she is in charge of using it or even of analysing data and taking decision based on the data available.
IV. APPLICATION OF TECHNOLOGY-BASED PSS FRAMEWORK
The framework above mentioned was built using the main literature on the field. This section focuses on illustrating the model with cases available in literature based on real data with the aim to gain an understanding on the relatively unexplored concept of technology-based PSS. To do it an analysis of the real cases available in literature has been performed. A process of systematic review was carried out in the Scopus and Google Scholar databases to uncover existing contributions in literature that relate to the studied field. The keyword "Product-Service System" was searched together with "technology", "real case studies" whilst specifying technology when needed. In other cases, the provision was built from the identified technology and driven by assumptions. Moreover, a detailed search of each abovementioned technology has been also carried out. Once duplicated entries were removed, irrelevant articles not consistent with PSS concept and not dealing with underlying technology, or mentioning them only in the abstract or incidentally, were excluded too. In the following table a detailed description of the identified cases is reported. Each case has been then mapped using all the classification drivers before mentioned. As one can see from the following TABLE II, technologies are employed in different PSS arrangements. Each intersection -represented with a lowercase letter for the sake of simplicity -can be categorized according to the four dimensions explained above, besides the PSS type (POR-UOR-ROR), namely:
• Provider risk and profits: low if the costs are variable, high if fixed; • Customer intimacy: low if transactional, high if relational; • Technological awareness: low if the technology only collects and displays the data, high if it makes decisions autonomously; • User awareness: low if the user is not required to be acquainted with the technology, high if, on the contrary, he/she is required. The provider sells the solution and the user is responsible for the maintenance activities. The maintenance is done using glasses supporting the augmented reality.
Maintenance and repair AR
2017)
The user pays for the printed parts and the provider supplies him with materials and real time monitoring services.
Pay-X-printed parts and Real Time Monitoring
2016)
The provider sells the solution and is responsible for its continuous monitoring. He is in charge also of the maintenance and repair activities.
Maintenance and repair
The provider sells the solution and the user is responsible for the maintenance activities. The monitoring is done using RFID scanners that monitor the status of the seats.
Maintenance and repair CPS
The provider sells the solution and is responsible for the solution inspection and diagnosis. The user decides whether to commission the maintenance or not. 
Inspection or diagnosis AR and CPS
The provider sell the cloud infrastructure. The infrastructure enables the communication and the data sharing between the software.
The provider sells the solution and the tools to train the users in its everyday use.
The provider prints the final product for the user after a service of consultation.
Sharing and MaaS
The provider sells to the different users the ability to print with its machine. The machine usage is shared between different actors.
The provider sells the infrastructure to the users, allowing the communication between them and the users pays only the quantity that he uses Pay-per-X and
V. DISCUSSION AND CONCLUSIONS
A. Plotting
The result of the analysis is represented in Fig. 2 , where the PSS listed in The framework presented here above is clear how technology and its awareness play a fundamental role in enabling design and provision of PSS. In fact, as summarized in Fig. 3 , despite the POR PSS are distributed on Technological Awareness scale on the low, medium and high value, for the UOR it can be stated that a medium Technological Awareness is required leading to a situation where the technology only partially substitutes the users in their decisions. On the contrary, in the ROR situation, the technology is responsible for all the decisions, and the user is concerned only of the expected results while using the PSS. Nevertheless, technology often triggers NPD (or rather NSD) and the presented framework further corroborates such situation. As a matter of fact, the employment of a certain technology can significantly shape the main service operations while also creating the conditions for devising new ancillary services.
Finally, the authors believe that this framework may help companies also in analysing their existing offerings to identify new possibilities and evaluating gaps. This model can also be used to support PSS engineering activities, both during the early stage of the design by providing a set of drivers to support the selection of PSS alternatives or during the detail design of the PSS in order to define the proper set of resources.
B. Further Research for Practitioners' Guidelines
The PSS-orientation summarizes how the provider and the end-user interact with each other, not solely on the 'contractual' level. By identifying three clusters (POR, UOR, ROR), the framework can also help practitioners understand which drivers must be considered while designing similar services or adopting some technologies. Even though there is no strict relation between the underlying technology and the solution orientation, it is arguably important to note that the intermingling of the four dimensions significantly shapes the PSS itself. Needless to say, the technology employed impacts on the four classification drivers and thus, ultimately, on the PSS. Practitioners willing to approach Engineer PSS may be interested in the framework since it can provide an allembracing perspective on how the customer interacts with the provider, on how the risk sharing is distributed, on how the user acquaintance must be relevant and on how the technology itself is autonomous and 'smart'. In fact, introduction of new technologies changes the traditional touchpoints between the providers and the customers and those must be designed in the proper way. Such dimensions are interdependent and technology mediates their relations. This is the reason why before implementing any new PSS it is advisable to make sure to 'meet' the strategic fit among them.
